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Abstract: The south Leader Fault (SLF) is a newly documented active structure that ruptured the surface during the Mw 7.8 
Kaikoura earthquake. The Leader Fault is a NNE trending oblique left lateral thrust that links the predominantly right lateral 
‘The Humps’ and Conway-Charwell faults. The present research uses LiDAR at 0.5 m resolution and field mapping to determine 
the factors controlling the surface geometries and kinematics of the south Leader Fault ruptures at the ground surface. The SLF 
zone is up to 2km wide and comprises a series of echelon NE-striking thrusts linked by near-vertical N-S striking faults. The 
thrusts are upthrown to the west by up to 1 m and dip 35-45°. Thrust slip surfaces are parallel with Cretaceous-Cenozoic 
bedding and may reflect flexural slip folding. By contrast, the northerly striking faults dip steeply (65° west- 85° east), and 
accommodate up to 3m of oblique left lateral displacement at the ground surface and displace Cenozoic bedding. Some of the 
SLF has been mapped in bedrock, although none were known to be active prior to the earthquake or have a strong topographic 
expression. The complexity of fault rupture and the width of the fault zone appears to reflect the occurrence of faulting and 
folding at the ground surface during the earthquake. 
 





The November 14th Mw 7.8 Kaikoura earthquake ruptured 
at least 14 faults of varying orientations, ages, 
geometries, kinematics, and total displacements (Hamling 
et al., 2017; Litchfield et al., 2017; unpublished data). The 
earthquake nucleated near the township of Waiau 
propagated to the northeast and produced slip on a 
complex network of faults in both the North Canterbury 
Domain (NCD) and Marlborough Fault System (MFS). The 
MFS and NCD are accommodating transpressive 
deformation in response to oblique convergence of the 
Pacific and Australian plates (Nicol et al., 2017). The 
Leader Fault, which is in the NCD, is predominantly a left-
lateral oblique thrust that has a general strike of NNE and 
links ‘The Humps’ and Conway-Charwell faults. The 
southern part of the Leader Fault (SLF) is the focus of this 
study (Figure 1). 
 
While there are other well documented transpressive 
structures in an overall-all strike-slip zone (i.e. California, 
Mongolia), the detailed geometries, surface expressions 
and slip within the SLF remains largely unexplained by 
international models. Historically, events that ruptured 
complex fault networks (The El Mayor Cucupah 
Earthquake; Gonzolez-Ortega et al. 2010; Fletcher et al., 
2016) produced larger ruptures and displacements than 
would be expected for a single isolated fault. To improve 
our understanding of events that may rupture multiple 
faults, it is necessary to determine the main factors that 
influence the geometry, kinematics, and slip distribution 
for any given surface rupture. 
 
The primary objective of this research at present is to 
analyse the slip, geometries, and kinematics of the SLF 
gathered from field work offset measurements, RTK 
surveying and bedrock mapping) and terrestrial LiDAR at 
0.5 m resolution. These data will be used to produce a 
kinematic model of the SLF which accounts for both the 
local complexities and regional tectonics. The results will 
be compared to and conditioned by international studies 
















Figure 1: A) The Plate Boundary and motion vectors of New 
Zealand, DeMets et al.,1994. B) Digital elevation model depicting 
the position of the South Leader Fault (green circle) within the 
geological setting of the Mw 7.8 Kaikoura earthquake, where 
active faults are white lines and black lines are ruptures resulting 
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Figure 2: The Waiau Wall of Woodchester: a ~3m vertical 





The Leader Fault is primarily left-lateral reverse with an 
overall NNE strike. The fault zone has an end-to-end strike 
length of ~22 km from a free tip in the south to its 
intersection with the Conway-Charwell Fault in the north. 
The SLF forms a complex zone up to ~3 km wide with 
strike varying through 180° and dips from 60° east to 25° 
west along the fault. Prior to the earthquake it had been 
mapped as a bedrock fault forming a Torlesse basement 
to Greta Siltstone Formation contact and also within the 
Greta Siltstone (Warren, 1993; Rattenbury et al., 2006). 
The fault was neither mapped in Torlesse basement nor 
mapped as active before the earthquake and, at the time 
of writing, no active fault scarps have been mapped which 
pre-dated the earthquake. 
 
The SLF comprises faults striking NE and dipping at 
shallow angles (20-40°) to the northwest interspersed 
with parts of the fault that strike to the north and dip 
steeply (e.g., >60°; Figure 2). Shallow dipping parts of the 
fault have irregular rupture-trace geometries which, in 
part, reflect the interplay between the low fault dips and 
topography. These shallow faults are often located at the 
contact between basement and Cretaceous-Cenozoic 
cover rocks and/or at the base of the GretaSiltstone 
Formation They appear to accommodate bedding-parallel 
slip, perhaps associated with flexural-slip folding of the 
Cretaceous-Cenozoic sequence. The steep north-striking 
parts of the SLF are generally contained within the 
Miocene Greta Siltstone Formation.  
 
Slip on the SLF during the earthquake increased in a non-
linear fashion northwards from the southern tip of the 
fault. Over the southern 4 km of the fault, maximum 
vertical and horizontal slip was 1m and 0.7m, respectively, 
upthrown to the west. Where strike slip is observed on 
these southern traces it is left lateral, although there are 
limited exposures where horizontal displacements can be 
accurately measured. To the north, the SLF is 
characterized by much larger displacements, where a 
maximum vertical and horizontal displacement are 3.4m 
and 2.5m, respectively. At the Waiau Wall locality (Figure 
2), the faults displace the Miocene Greta Siltstone 
Formation and slip is close to its maximum in the study 
area. 
 
The complexity of fault rupture and the width of the fault 
zone was unexpected. Our ability to map this complexity 
has been aided by a lack of vegetation in the study area 
and the availability of LiDAR-derived DEM. In the absence 
of these data and after several hundred years of surface 
processes (e.g., erosion/burial) many of the surface 
ruptures would be undetectable. In the study area the 
complexity of surface ruptures appears to reflect a 
number of factors, including the occurrence of faulting 
and folding (associated with flexural slip) at the ground 
surface during the earthquake. 
 
 
Acknowledgements: Thanks to GNS Science for use of LiDAR and 
orthophoto imagery, and The University of Canterbury and the 
Earthquake Commission for funding of this project.  To the 
landowners of Woodchester, David and Rebekah Kelly, for their 
continued tolerance, generosity and resilience in the face of 
hardship, to Paul Ashwell and Andrea Barrier for their help and 
comradery in the field, and to my advisory team; Andy Nicol, 
Clark Fenton, Narges Khajavi, and Jarg Pettinga for their 






DeMets, C., Gordon, R.G., Argus, D.F., Stein, S., 1994. Effect of 
recent revisions to the geomagnetic reversal time scale 
on estimates of current plate motions. Geophysical 
Research Letters 21, 2191-2194. 
 
Fletcher, J.M.,. Oskin,  M.E. and Teran O.J., 2016.  The role of a 
keystone fault in triggering the complex El Mayor-
Cucapah earthquake rupture.  Nature Geoscience, 9(4), 
pp.303-307  
 
Gonzalez-Ortega, A., Y. Fialko, D. Sandwell, F. A. Nava-Pichardo, J.        
Fletcher, J. Gonzalez-Garcia, B. Lipovsky, M. Floyd, and    
G. Funning (2014), El Mayor-Cucapah (Mw7.2) 
earthquake: Early near-field postseismic deformation 
from InSAR and GPS observations, Journal of 
Geophysical Research: Solid Earth, 119(2), 1482–1497, 
doi:10.1002/2013jb010193. 
 
Hamling, I.J., Hreinsdóttir, S., Clark, K., Elliott, J., Liang. C., 
Fielding, E., Litchfield, N., Villamor, P., Wallace, L., 
Wright, T.J., D’Anastasio, E., Bannister, S., Burbidge, 
D., Denys, P., Gentle, P., Howarth, J., Mueller, C., 
Palmer, N., Pearson, C., Power, W., Barnes, P., Barrell, 
D.J.A., Van Dissen, R., Langridge, R., Little, T., Nicol, A., 
Pettinga, J., Rowland, J., Stirling, M., 2017.Complex 
multi-fault rupture during the 2016 Mw 7.8 Kaikōura 
earthquake, New Zealand. Science, DOI: 
10.1126/science.aam7194 (2017). 
 
Litchfield N.J., Villamor P., Dissen R., Nicol A., Barnes P., Barrell 
D., Pettinga J., Langridge R., Little T., et al. Surface 
ruptures and paleoseismology of the Mw 7.8 2016 
Kaikōura earthquake reveal end-member complexity. 
Geology (in review). 
 
8th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA), 13 – 16 November, 2017, New Zealand 
 
 




Nicol, A., Seebeck, H., Wallace, L., 2017. Quaternary tectonics of 
New Zealand. In: Schulmeister, J., (ed) Atlantis 
Advances in Quaternary Science: Landscape and 
Quaternary Environmental Change in New 
Zealand, Atlantis Press, p. 1-34, DOI: 10.2991/978-
94-6239-237-3_1. 
 
Stirling, M.W., Litchfield, N.J., Villamor, P., Van Dissen, R.J., Nicol, 
A., Pettinga, J., Barnes, P., Langridge, R.M., Little, T., 
Barrell, D.J.A., Mountjoy, J., Ries, W.F., Rowland, J., 
Fenton, C., Hamling,  I., Asher, C., Barrier, A., Benson, 
A., Bischoff, A., Borella, J., Carne, R., Cochran, U.A., 
Cockroft, M., Cox, S.C., Fenton, F., Gasston, C., 
Grimshaw, C., Hale, D., Hall, B., Hao, K., Hatem, A., 
Hemphill-Haley, M., Heron, D.W., Howarth, J., Juniper, 
Z., Kane, T., Kearse, J., Khakavi, N., Lamarche, G., 
Lawson, S., Lukovic, B., Madugo, C., Manousakis, I., 
McColl, S., Noble, D., Pedley, K., Sauer, K., Stahl, T., 
Strong, T., Townsend, D.B., Toy, V., Villeneuve, M., 
Wandres, A., Williams, J., Woelz, S., Zinke R., 2017. 
The Mw 7.8 2016 Kaikōura earthquake: Surface fault 
rupture, and seismic hazard context. Bulletin of the 
New Zealand Society for Earthquake Engineering 
50(2)(June 2017), 73-84. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
